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STREAM GEOMETRY AND STREAMBED MATERIAL CHARACTERISTICS OF THE STREAMS 

WITHIN THE HIGHLAND SILVER LAKE WATERSHED, HIGHLAND, ILLINOIS 

by 

Paul B. Makowski, Mark Grinter, and Ming T. Lee 

INTRODUCTION 

Background 
The Illinois State Water Plan (Illinois State Water Plan Task Force, 
1984) ranked soil erosion and sediment control as the first priority of water 
resource management in the state. Soil is recognized as the primary 
agricultural nonpoint source pollutant of surface water. It is considered a 
pollutant because as sediment its volume reduces stream and lake capacities; 
it can cause high turbidity; and other pollutants can be absorbed or attached 
to the soil particles and so can be transported along with the sediment 
(North Carolina Agricultural Extension Service, 1982). 
The 1972 Federal Water Pollution Control Act amendments (PL 92-500), 
Section 208, required that agricultural nonpoint source pollutants be 
identified and assessed. The Highland Silver Lake watershed was identified 
in the 208 Water Quality Management Plan as a high priority area for land 
treatment. The 1980 Agriculture, Rural Development, and Related Agencies 
Appropriation Act (PL 96-100) authorized the Rural Clean Water Program. Of 
the thirteen projects authorized under this act the Highland Silver Lake 
watershed project was one of five selected to include comprehensive 
monitoring and evaluation. 
Objectives 
The stream geometry and streambed material analyses are a portion of the 
study to assess the nonpoint source pollution on the Highland Silver Lake 
watershed. The objectives of this portion of the study are: 1) to quantify 
the amount of sediment deposited on or eroded from the streambeds and 
streambanks of the major tributaries; 2) to assess the changes in the bed 
material with respect to time, space, and discharge; and 3) to evaluate the 
hydraulic geometry of the stream system of Highland Silver Lake in addition 
to the stream and watershed characteristics. 
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STUDY AREA 
Location 
The Highland Silver Lake watershed is located in southwestern Illinois 
approximately 30 miles east-northeast of St. Louis. The majority of the 
watershed is located in the eastern portion of Madison County with a portion 
in Bond County. The watershed has an area of 49.32 square miles (31,564
acres). 
Geology 
The Highland Silver Lake watershed is in the south-central region of 
Illinois. The land surface of this region has been shaped principally by 
running water and glacial ice. Several times glaciers advanced across 
Illinois and then melted, leaving behind glacial debris. Till, outwash, 
loess, and the sediment of modern streams cover the bedrock surface in this 
region, resulting in a relatively level plain. The latest period of 
glaciation to affect the Highland Silver Lake watershed was the Illinoian. 
The underlying bedrock has an irregular surface which was formed by 
erosion prior to glaciation. Some of the bedrock valleys coincide with 
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present stream valleys but they are partially or completely buried, leaving 
little evidence of their presence at the surface. 
The bedrock beneath the glacial deposits in this region consists of beds 
of sedimentary shales, sandstone, limestone, and dolomite arranged one upon 
the other. The bedrock systems are layered, with the younger systems closer 
to the land surface. These systems from the surface down are Pennsylvanian, 
Mississippian, Devonian, Silurian, Ordovician, Cambrian, and Pre-Cambrian. 
The bedrock strata rest on a basement of ancient crystalline rocks composed 
mainly of granite. These beds were originally deposited as sediment in 
shallow seas or bordering marshlands and later were buried and hardened into 
solid rock. The rock systems were later warped and in some places fractured 
(Selkregg et al., 1957). 
Basin Physiology 
The Highland Silver Lake watershed lies entirely in the Springfield 
Plain of the Till Plains Section of the Central Lowland Province as described 
by Leighton et al. (1948). A physiographic province is a region in which all 
parts are similar in geologic structure and which has a unified geomorphic 
history. 
The physiographic contrasts between various parts of Illinois are due to 
the topography of the bedrock surface, extent of glaciation, differences in 
age of the uppermost drift, height of the glacial ain above primary 
drainage, glaciofluvial aggradation of basin areas, and glaciolacustrine 
action. 
The Springfield Plain is distinguished mainly by its flatness and by the 
shallow entrenchment of its drainage. The southern border of the Springfield 
Plain is located where the drift thins and the bedrock topography becomes a 
controlling factor, while the western boundary follows the edge of Illinoian 
drift. Although most of the district is a flat till plain, the morainic 
features are conspicuous in the area of the Highland Silver Lake watershed. 
The moraines are a low and broad irregular assemblage of gravelly ridges and 
hills (Leighton et al .• 1948). 
Topography and Drainage 
The Highland Silver Lake watershed elevations range from 630 feet mean 
sea level (msl) in the northernmost portion to a lake elevation of 500 feet 
msl. The greatest local relief is east of the lake where elevations of 600 
feet msl are found within 1500 feet of the lake. This steep relief provides 
a contrast to the mild slopes found in the upper portion of the watershed. 
The valleys are relatively shallow and the streams have low gradients. 
A number of streams with moderate to steep slopes contribute directly to the 
lake from the areas of steep relief. The northern portion of the watershed, 
by contrast, is flat and extenSively farmed. A number of streams were formed 
as a result of man-made drainage systems which opened areas to agriculture. 
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Highland Silver Lake lies at the outlet to the watershed and is an 
impoundment of East Fork Silver Creek, a tributary of the Kaskaskia River. 
East Fork Silver Creek is joined by Little Silver Creek and two unnamed 
tributaries upstream of the lake. (There are also a number of minor streams 
which are part of the drainage system.) The main stem, as discussed in this 
report, is Little Silver Creek flowing into lower East Fork Silver Creek. 
DATA COLLECTION AND ANALYTICAL METHODS 
Hydrologic, hydraulic, and sediment-related data were collected as a 
portion of the Highland Silver Lake study. Data were collected in the field 
and from existing sources. This section of this report discusses the data 
components related to the stream geometry and streambed material. The other 
data collection techniques used in the Highland Silver Lake study, which are 
not directly related to the stream geometry or streambed material, are 
discussed by Makowski and Lee (1985). Additional information on the 
geographic data base will be presented in a later report. 
Stream Geometry 
Hydraulic or stream geometry describes the pattern of variability of 
stream parameters such as depth, width, velocity, cross-sectional area, and 
channel slope. Stream channels are in constant flux since they respond to 
changes in runoff, sediment load, streambed and streambank material, stream 
length, and stream slope. These changes are manifested as variations in the 
longitudinal slope, degree of meandering, and cross-sectional shape. This 
discussion is separated into two parts: 1) the stream channel character­
istics and hydraulics of flow, which will be referred to as stream 
characteristics, and 2) streambank and streambed sediment contribution or, 
simply, streambank erosion. 
Stream Characteristics and Hydraulics of Flow 
A method to classify stream (riverine) systems on the basis of the 
consistent pattern that streams are observed to develop was introduced by 
Horton (1945). This classification of streams was later modified by Strahler 
(1957). The ordering of streams addresses the branching nature of streams. A 
first-order stream is a singular reach of a stream which is unbranched, i.e., 
has no tributaries entering. When two first-order streams join they forma 
second-order stream and so on. Therefore, a second-order stream consists of 
first-order streams. Streams of a lower order combine to form streams of a 
higher order. When one stream is a tributary of a stream of a different 
order, the numerically higher order is maintained, and so no higher-order 
stream is formed. 
The scale of the map used to determine stream order is important (Yang 
and Stall, 1971). Streams which can be identified on a small-scale map may 
not show up on a large-scale map due to a loss in definition, and there may 
even be a lack of consistency among maps of the same scale. In this study 
four 7.5-minute (1 inch equals 2000 feet) U.S. Geological Survey (USGS) 
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topographic maps (of the New Douglas, Sorento South, Pocahontas, and 
Grantfork quadrangles) were used for the stream ordering. These topographic 
maps were used to determine stream lengths, drainage areas, radius of 
curvature of streams, and channel sinuosity. 
Stream characteristics of an open channel in alluvium can adjust by 
alterations in the depth of flow, channel slope, channel width, and degree of 
meandering (Graf, 1971). These variables are interdependent so that a change 
in one parameter may cause a change in another. Stream characteristics are 
dependent on factors such as runoff, sediment concentration, and geological 
constraints (Yang, 1971b). The systematic variation of stream geometry with 
discharge has been discussed by Leopold and Maddock (1953) and others (Stall 
and Fok, 1967; Yang and Stall, 1974). 
In addition to the information obtained from the USGS topographic maps, 
49 cross sections were surveyed on the major tributaries to Highland Silver 
Lake. These cross sections were later resurveyed so that the changes that 
had occurred, if any, could be assessed. More description of the survey is 
found in the section of this report dealing with the cross section survey. 
The Horton-Strahler equations were used to describe the stream numbers, 
average stream length, average stream slope, and the relationship between 
drainage area and stream order. The equations are: 
In(NU) A - B • u (1) 
In(Lu ) C - D • u (2 ) 
In(Su) E - F • u (3 ) 
In(Ad u) M - N • u (4 ) 
where u = stream order 
Nu number of uth-order streams 
Lu average length of uth-order streams 
Su average slope of uth-order streams 
Ad u average drainage area of uth-order streams 
A, B, C, D, E, F, M, tJ coefficients 
The coefficients are determined from a least squares regression. 
From equations 1 through 4 the following relationships may be defined: 
(5 ) 
(6 ) 
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eF Su1Su+1 = 	 (Yu/Lu)/(YU+1/Lu+1) 
eN AdulAdu+ 1 ( 8 ) 
where 	eB bifurcation ratio 
eD stream length ratio 

eF 
 stream concavity 

eN 
 drainage area ratio 

Yu average fall of uth-order streams 

Other useful relationships using equations 5 through 8 are: 

1 
(9 ) 
( 10) 
( 1 1 ) 
( 12) 
where a. 	 watershed shape factor 

stream fall ratio 

stream frequency ratio 

D 2D 
e /e = index of frequency ratio 

Another watershed shape factor was given by Linsley et al. (1975) as 

L = 1. 4A 0.6 

( 13) 
where A drainage area in square miles 
L main channel length in miles 
To assess the longitudinal streambed profile, equations suggested by 
Yang (1971a) were used. The total fall measured from the beginning of the 
first-order stream to the end of the mth-order stream is: 
m 	 (C+E) m -(D+F).u
I Yu = e • I e ( 14)u=1 u=1 
The corresponding horizontal length is given by equation 15. 
m m -u·D 

I Lu I e 
 ( 15)u=1 u=1 
6 
The use of equations 14 and 15 will result in a theoretical longitudinal 
streambed profile using parameters obtained from the actual stream system. 
Therefore, the profile is representative of the stream system. If the stream 
system has reached its dynamic equilibrium condition the total fall should 
be: 
Zm' = m .eC+E ( 16 ) 
where m = the highest-order stream in the watershed. 
Hydraulic geometry describes the character of the streams within the 
watershed. The cross-sectional area, top width, hydraulic depth, and average 
velocity are important hydraulic characteristics of the stream channel. 
Relationships may be found at a particular cross section or between cross 
sections. The hydraulic characteristics apply to alluvial streams. A stream 
in alluvium can respond to fluctuations in discharge by eroding either the 
streambed or streambank. 
The general forms of the equations of hydraulic geometry are given by 

Leopold and Maddock (1953): 

w a .Qb 
d ( 18 ) 
v ( 19 ) 
where Q discharge 
w channel width 
d hydraulic depth (cross-sectional area/channel width) 
v = mean velocity 
a, c, k, b, f, m = coefficients 
From the continuity equation given as 
Q = v·A = v.d.w (20) 
it follows that 
a .c·k = 1 (21 ) 
and 
b+f+m=l (22) 
The coefficients are determined from least squares regression analysis. 
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Streambank Erosion and Streambed Scour 
Erosion can result from many sources such as sheet and rill erosion, 
degradation of minor drainageways, gullies, floodplain scour, streambed 
degradation, and streambank scour. Deposition can occur at the base of steep 
slopes, as valley deposits, as point bars, and as streambed aggradation. 
In the Highland Silver Lake watershed the valley deposition and 
floodplain scour are negligible since the stream system does not develop flow 
in the valley. Overbank flow is not a common occurrence since most of the 
flow remains in the channel and flow that enters the valley floodplain is 
stored until the floodwaters recede. 
Therefore, only streambed degradation and streambank scour are 
considered. Point bars are localized phenomena and their significance is 
minor when compared to streambed aggradation, so only the streambed 
aggradation component will be identified in the stream cross section survey. 
In order to assess the amount of erosion or deposition that occurred 
within the major tributaries, 49 cross sections were suryeyed. Supplemental 
information concerning the stream characteristics was also obtained during 
the survey. Of the 49 cross sections surveyed 11 were on the unnamed 
tributary, 19 on East Fork Silver Creek, and 19 on Little Silver Creek. The 
stream length bounded by the 49 cross sections represents approximately 42 
percent of the total stream length delineated on the 7.5-minute USGS 
topographic maps. 
To assess any changes that occurred, the stream system was surveyed 
twice. The baseline survey was completed in the fall of 1981. A follow-up 
survey was done in the fall of 1984. Locations of the surveyed cross 
sections are shown in figure 1. 
Cross Section Survey 
The cross sections were initially located from the USGS 7.5-minute 
topographic maps. The sites were then field checked for their suitability. 
The major criterion for the initial location was that the cross section be 
representative of the reach of stream. Changes in the stream geometry or 
alignment dictated the location of the cross sections. 
When a suitable site was located in the field, two posts (one on each 
bank) were set. The posts were set back from the stream channel so as not to 
be lost due to erosion or bank failure. The survey was accomplished by 
setting a measuring tape between the two posts. The tape provided a line as 
well as the distance between two fixed pOints. Elevations were obtained with 
a level and rod using standard surveying techniques. The techniques used in 
the survey may be seen in figure 2. In addition to changes in the slope, 
information was obtained on the locations of the low-, medium-, and high-flow 
channels; channel thalweg; bars; and scour holes. Qualitative notes were 
made to supplement the survey data. 
The locations of the cross sections were transferred to aerial 
photographs and topographic maps for horizontal control and future analysis. 
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Figure 2. Techniques used in the stream cross section survey 
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The vertical controls of the cross sections were made by using the mean sea 
level datum. The vertical control at each section was a wooden hub driven 
flush with the ground surface. 
Sediment Contribution Calculation 
Changes in the channel geometry and cross-sectional area between the 
1981 and 1984 surveys were evaluated and the amounts of erosion or deposition 
for each stream segment were calculated. The volume and weight of the loss 
or gain of streambed and streambank material between adjacent surveyed cross 
sections were calculated using the average end-area method. The average 
end-area method is based on the changes in the cross-sectional areas and the 
distance between the cross sections. The average end-area equation is given 
by equation 23: 
v L/2 (23) 
where V volume of material between the two adjacent sections 
E1 upstream cross-sectional area 
E2 downstream cross-sectional area 
L distance along the stream between E1 and 
To determine the amount of material that was either eroded or deposited in 
the reach of stream, the volume calculated for 1984 was subtracted from that 
calculated for 1981. 
Although there are several methods available for the computation of 
volume from survey data the two preferred methods are average end-area and 
the prismoidal. The average end-area method was selected since the volumes 
represented by the cross sections were not prismatic. The use of the average 
end-area method is consistent with other similar studies (Lee et al., 1983; 
Murphey and Grissinger, 1985). 
Once the volume of sediment that was eroded or deposited within the 
stream system was calculated, the weight of this material was estimated. 
Although no unit weight samples were taken at the cross sections, the 
average specific gravity of the streambed and streambank material was taken 
as 1.5. Typical values of specific gravity for streambank and streambed 
material range from 1.22 to 1.86 (Peck et al .• 1974). The average specific 
gravity of 1.5 used in this investigation is reasonable and consistent with 
other studies (Murphey and Grissinger, 1985). 
Streambed Material 
Sampling of streambed material was performed at nine sites (see figure 
1) on the Highland Silver Lake watershed. Photographs of the sites on the 
main stem may be found in Appendix A. Table 1 summarizes the characteristics 
of the streambed material sampling sites. Streambed material samples 
collected at the streamgaging sites were assigned streambed identification 
11 
Table 1. Characteristics of the Bed Material Sampling Sites 
Total 
stream 
Name 
Stream 
namea 
length 
crt) 
Sl 1 * 9039.3 b 
S2 2* 17491.1b 
S3 11751.2c 
SB4 3 14824.7d 
SB5 2* 27750.7 d 
SB6 2* 33897.6 b 
SB7 2* 39818.3 b 
SB8 2* 44366.8 b 
SB9 2* 54129.3 b 
a 	 * Main stem 
1 East Fork Silver Creek 
2 Little Silver Creek 
3 Unnamed tributary 
b above XS1 to sampling site 
c above confluence with Little Silver Creek to 
d above confluence with East Fork Silver Creek 
Drainage 
area 
Cmi2) 
31.1 
20.4 
4.7 
2.4 
2.4 
12.0 
8.1 
7.3 
5.2 
sampling site 
to sampling site 
Gage type 
Streamgage 
Streamgage 
Streamgage 
Crestgage 
Crestgage 
None 
Crestgage 
None 
Crestgage 
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numbers that match those of the streamgaging stations. There is one sampling 
site on each of the two major tributaries to the main stem: S3 on East 
Fork Silver Creek and SB4 on the unnamed tributary. The main stem has seven 
sampling sites: S1. S2, SB5, SB6, SB7. SB8 and SB9. 
Streambed material may be correlated with the physical environment in 
which the material was formed. The size and gradation of streambed material 
are closely related to stream channel geometry. sediment transport, and flow 
variables (Simons and Senturk. 1977). Krumbein (1938) described the 
environmental factors that affect particle size distribution as: 
1) The size frequency distribution of the source of sediment 
2) Changes in the nature of the sediment load during transportation to 
the site of deposition due to: 
- abrasion, impact and other wearing down processes 
- deposition en route 
- addition to the load en route 
- combinations of the above 
3) The nature of the flow (turbulent or laminar) 
4) Selective depositional effects at the site of sampling due to (3) 
5) Coagulation 
6) 	Authigenic (chemical and biochemical action) changes after 

deposition 

The size frequency distribution at the sampling location may be 
dependent on the size frequency distribution of the upstream source. Changes 
in the size frequency distribution from the upstream source to the downstream 
site can occur due to the transport process. Bed material can undergo a 
physical change by a wearing down process, a portion can be added or 
deposited en route, or any combination thereof can occur. Turbulent flow 
will transport more sediment than laminar flow. The flow regime may allow 
selective deposition due to the ability of the flow to transport a certain 
quantity and size of sediment (hydraulic sorting). Sediment above the size 
that the flow will transport will be deposited. 
The principal reasons for the decrease in particle size in the 
longitudinal direction from source to mouth are 1) chemical weathering, 2) 
abrasion of particles, and 3) hydraulic sorting (Simons and Senturk, 1977). 
To predict the decreasing size of the particle in the downstream 
direction, Sternberg (1875) proposed: 
(24) 
where wo , w 	 weight of the particle at the beginning and end of the reach of 
stream under consideration, respectively 
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L = length of the reach of stream 
~ = specific abrasion of the streambed material as a function of w 
In equation 24 the weight of the particle, wand wO ' can be replaced with the 
size of the particle, 0 and Do, as given in equation 25. 
(25) 
where Do, D diameter of the particle at the beginning and end of the reach 
of stream under consideration, respectively 
L length of the reach of stream 
~ = specific abrasion of the streambed material as a function of 0 
It may be seen from the two preceding equations that there are two 
underlying assumptions built in: 1) the reduction in the weight (or size) of 
a particle is due entirely to abrasion, and 2) the reduction in the weight 
(or size) of a particle is proportional to the distance it is moved by the 
flow and the instantaneous weight (or size) of the particle (Simons and 
Senturk, 1977). 
Simons and Senturk (1977) raised several objections to the abrasion law: 
1) 	 Results of laboratory tests indicate that little particle size 
reduction occurs when particles are subjected to severe abrasive 
conditions for long periods. 
2) 	 The values derived from laboratory tests do not agree with values 
obtained in the field. 
3) 	 Abrasion does not provide a suitable physical explanation of the size 
reduction of particles. By itself this equation cannot explain a 
particle diameter increase in the downstream direction. 
The decreasing particle size is paralleled by the decreasing 

longitudinal stream slope. The longitudinal profile of a stream which is in 

equilibrium is concave upwards. The slope is steepest at the upstream end 

and decreases exponentially in the downstream direction. Shulits (1936) 

proposed the following equation: 
(26) 
where So, S slope at the beginning and end of the reach of stream under 
consideration 
L length of the reach of stream 
C numerical value based on the stream characteristics 
Hydraulic sorting can influence the particle size found within the 
longitudinal profile within a stream. Hydraulic sorting appears to depend on 
a number of variables which govern the characteristiCs of flow and sediment 
transport. These variables are flow depth, flow velocity, water density, 
dynamic viscosity, slope, particle fall velocity, particle density, particle 
weight, particle size, slope factor, drag coefficient, and acceleration due 
to gravity. 
14 
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Lane (1955) presented an equation that related particle size and slope: 
Qs·D = k·Qw· S (27) 
where Qs sediment discharge 
D bed material size 
k proportionality constant 
water dischargeQw 
S slope 
A direct relation seen from this equation is that a decrease in slope 
results in a decrease in particle size. Using an equation similar to 
equation 25, Simons and Senturk (1977) proposed that ¢, instead of 
representing specific abrasion, would be replaced by a, the particle 
reduction coefficient. The equations for the particle reduction coefficient 
and the slope factor coefficient are given in equations 28 and 29, 
respectively (modified from Simons and Senturk, 1977): 
Do-D 
a = (28)D·L 
So-S 
<5 = (29 ) S·L 
These equations illustrate that as the value of the coefficients 
increases, the greater is the change between the initial and final particle 
sizes or slopes. That is, a large value of a indicates that the particle 
size downstream is much smaller than that upstream and a large value of <5 
signifies a rapidly flattening slope. 
Sampling 
Bed material samples were collected after runoff events. The time 
between deposition and sampling was sufficiently short so authigenic changes 
need not be considered. At each sampling site three discrete samples of the 
bed material were collected across the section and then composited in the 
field. The samples were chosen to be representative of the entire cross 
section. The cross sections were chosen to be representative of the reach of 
stream. 
Bed material samples were obtained using a cylindrical bottle 2.25 
inches in diameter and 7 inches long, The sample bottle was hand held with 
its lower lip 1 inch below the surface of the bed material. The bottle was 
then pushed across the bed material surface in a direction perpendicular to 
and into the streamflow until it was one-half full. The bed material sample 
was then placed in a plastic bag. The procedure was repeated until three 
representative samples had been collected and composited in the sample bag. 
The samples were then delivered to the Inter-Survey Geotechnical Laboratory 
in Champaign for particle size analysis. 
r 1 
Laboratory Analyses 
Laboratory analyses of the particle size distribution within each 
streambed sample were made using sieves for particles greater than 0.0625 mm 
and the pipette method for finer particles. After the samples were air dried 
and weighed, they were soaked overnight in water and wet sieved through a 
0.0625-mm sieve. The subsamples with particle sizes greater than 0.0625 were 
oven dried and then sieved in a shaker assembly by vertically stacked sieves 
arranged in decreasing sieve sizes. The result of this procedure is a group 
of subsamples which are divided into size classes and represent the percent 
of weight of the original sample within individual size classes. 
The subsamples which contained particles with a size of less than 0.0625 
mm were treated with sodium-hexametaphosphate to disperse the clay and silt 
particles which might have coagulated. The subsamples were then mechanically 
mixed in solution, and samples were dried and weighed. The pipette method 
was used to measure the percent by weight that remains in suspension over a 
given length of time. The results of the laboratory analyses are represented 
as a cumulative size frequency by percent finer by weight. 
Statistical Analyses 
Statistical analyses are necessary if one streambed sample is to be 
quantitatively related to another. Streambed materials are naturally 
sorted by phenomena such as precipitation, flow, water temperature, stream 
slope, and type of material available. The frequency distribution of the 
streambed material is assumed to have a normal (Gaussian) distribution though 
the common practice is to use the equations developed with this assumption 
even if the distribution is not normal. 
Generally, the results of the particle size analysis are presented as a 
cumulative size frequency curve which, for normally distributed samples, 
appears to be "s"-shaped. 
In this study the equations used to describe the particle size 
distributions were developed using a phi scale. The conversion from 
millimeters to phi units is given in equation 30: 
(30) 

The particle sizes lend themselves to a geometric or logarithmic 
presentation. The statistical equations developed in the phi scale were 
arithmetic, and when converted to millimeters the equations are geometric as 
seen in equation 31: 
(31) 

The median particle size, d50, is the particle size than which 50 
percent of the material is finer and 50 percent is coarser. The choice of 
d50 is arbitrary since physical evidence does not conclusively fix d50 as 
representing the sediment material sample (Simons and Senturk, 1977). 
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The geometric mean particle size, dg , is used to describe the overall 
average particle size of the bed material sample. When plotted on normal 
probability paper the characteristics of the size distribution curve that are 
between the ordinates with the values of 0.8413 and 0.1587 (the normal 
distribution} can be approximated by a straight line (Simons and Senturk, 
1977). The geometric mean is determined from the particle sizes than which 
16 and 84 percent (using rounded values) of the material is finer by weight. 
The geometric mean is determined by equation 32 (Otto, 1939): 
C32 ) 
where d16 and d84 = particle diameter in millimeters (percent finer by 
weight). If the distribution is symmetrical, the geometric mean and median 
are equal. 
The geometric standard deviation, ~, is the measure of the spread of 
the particle sizes and is used as an estimate of the sorting of the particle 
sizes within the sample. Equation 33 is used to calculate the geometric 
standard deviation (Otto, 1939): 
The geometric standard deviation has a range of 1 to infinity. When Og 
equals unity the particles are of equal size. Conversely, if the value of Og 
approaches infinity, the sizes of individual particles become increasingly 
unique so that no particles are of equal size. 
The geometric standard deviation is used to calculate the range of 

particle sizes containing the central 68 percent of the distribution using

equation 34. 

Range 
C34a) 
Upper limit C34b) 
Lower limit (34c) 
Equation 34 shows that as Og decreases approaching unity (particle size 
homogeneity), the range of sizes containing the central 68 percent of the 
particle size distribution decreases. 
The skewness of distribution, Skg • is an estimate of the degree of 
asymmetry of a sample's particle size frequency distribution. Skewness 
indicates which end of the frequency distribution exerts the greater 
influence on the mean. In a symmetrical distribution the geometric mean and 
the median coincide, but if the distribution is skewed the mean differs from 
the median. The value of the skewness gives the amount of departure of the 
distribution fr.om a normal distribution. A positive value indicates an 
excess of fine particle sizes while a negative value indicates an excess of 
coarse particle sizes. Skewness is calculated using equation 35 (Inman,
1952) • 
Skg [log (dg/d50) Jilog (Og) 
C35 ) 
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Peak Discharge 
Bed material samples were collected at locations on the Highland Silver 
Lake watershed where peak flow rates could be obtained. The streambed 
material sampling sites S1, S2, and S3 were also locations of continuous 
streamflow records. Neither SB6 nor SB8 had any type of recorder. The other 
sites SB4, SB5, SB7, and SB9 were locations of crestgages. 
Crestgages indicate the maximum stage of an event. Flow rates were 
obtained by using the hydraulic geometry obtained from the stream cross 
section survey and WSP2, a computer program developed by the Soil 
Conservation Service (1976). Backwater profiles were computed using the 
stage-discharge relationships measured at the gaging stations for the 
starting points. The resulting stage-discharge relationships generated by 
WSP2 for the bed material sampling sites and the crestgage readings allowed 
an estimate of peak discharge. 
For the sites with no peak discharge data a method was required to 
estimate the peak flow. The most obvious relationship is with drainage area. 
For each event the peak flows at the gaging station were regressed with the 
drainage areas to provide an equation in the form of equation 36. 
y = a • xb (36) 
where a and b regression coefficients 
x = drainage areas 
y peak flow 
This equation was used for missing and unreliable crestgage data. 
RESULTS 
Stream Geometry 
The investigation of stream system development provides information 
and insight into the long-term adjustment of the stream system to hydrologic, 
hydraulic, and geologie conditions. Stream geometry refers to the physical 
parameters that describe a stream system. This discussion of stream geometry 
is divided into three sections: 1) stream and watershed characteristics, 2) 
hydraulic geometry, and 3) streambank and streambed sediment contribution. 
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Stream and Watershed Characteristics 
Various characteristics of the Highland Silver Lake watershed and stream 
system were described qualitatively through the use of numerical methods. 
The physical features used in this discussion were obtained from the stream 
cross-sectional survey as well as from 7.5-minute USGS topographic maps. The 
stream system may be seen in figure 1. 
The stream characteristics along the major tributaries are presented in 
table 2. The longitudinal distance is measured along the channel. The fall 
of a stream to its length over a given reach is the slope. The slope was 
calculated using the longitudinal distance and thalweg elevations. The 
thalweg is the path of the greatest depths along the channel. A plot of the 
average slopes of the major tributaries is presented in figure 3, as are the 
longitudinal profiles. As with most channel profiles, the measured profiles 
of the major tributaries are concave upward. That is, they are steep at 
their SOUrce and gradually flatten in the downstream direction. The profile 
is a result of a number of interdependent factors and represents a balance 
between the transport capacity of the stream system and the size and quantity 
of the sediment load supplied (Simons and Senturk, 1977). 
The bank slopes of streams are presented in table 2. These slopes do 
not include the overbank. Slopes approaching unity (45°) are steep for 
streams in alluvium. A steep bank is more susceptible to bank failure. The 
steepness of the bank is dependent on several factors such as the type of 
material of which the bank is comprised, the presence of vegetation, and 
channel curvature. In table 2, left and right are the directions when facing 
upstream. 
The radii of curvature of the stream segments are also presented in 
table 2. The curvatures were measured at the surveyed cross sections which 
are representative of the reach of stream. The larger the radius of 
curvature, the straighter the reach of channel. An infinite radius indicates 
a straight channel segment. 
Channel sinuosity was computed between cross sections and is presented 
in table 2. Sinuosity, as used in this report, is the ratio between channel 
length and distance along the valley. A sinuous channel has pronounced bends 
which give the channel an USn-shaped appearance. The thalweg is usually 
sinuous. When sinuosity exceeds a value of 1.5 the channel is said to 
meander (Simons and Senturk, 1977). Sinuous streams tend to flow in well 
defined channels. Most of the reaches of the streams which were surveyed in 
the watershed have a low to moderate sinuosity. As described in the 
longitudinal profile section, the degree of sinuosity is dependent on a 
number of factors such as the transport capacity of the stream, size and 
quantity of the sediment load supplied, channel material, geologic 
constraints, and flow characteristics. The channel can adjust its 
longitudinal slope not only by eroding or depositing material but also by 
increasing or decreasing its length by meandering. 
Various hydraulic geometry parameters of the streams in this watershed 
can be described through the use of equations 1 through 13. Before these 
equations may be used, the coefficients presented in equations 1 through 4 
must be obtained. For each stream order the total number of streams, stream 
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Station 
MAIN STEM 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
1 6 
17 
18 
19 
20 
21 
22 
Table 2. Stream Characteristics along the Major Tributaries 
1984 Right Left Radius ofLongitudinal longitudinal bank bank curvaturedistance slope slope slope +left ChannelCft) (ftlmi) (ftlft) Cftlft) 
-right (ft) sinuosi t: 
0.540 0.433 
-668904 
-6.34 1.020.364 0.725 1651040 20.59 1.130.713 0.545 
-4591808 
-3.75 1. 510.545 0.518 370904 16.90 1.120.850 0.776 
-971220 3.91 1. 191.250 0.617 
-2501808 5.17 1. 220.241 0.750 co3345 2.06 1.060.165 0.538 
-13573751 4.07 1.150.374 0.875 
-23137186 8.45 1.301.040 0.387 co3616 4.80 1. 300.627 0.241 co3345 11 .09 1. 100.363 0.867 123164 
-1.11 1. 150.583 0.444 
-9263119 7.16 1.070.588 0.600 
-792723 6.34 1.020.571 0.944 
-14253480 10.03 1. 160.678 0.493 co2170 7.92 1.270.369 0.279 
-5762560 4.70 1.201.060 0.536 
-35882214 13.73 1. 251 .480 0.780 
-2993209 7.39 1.130.718 0.727 
-4302169 12.14 1.150.278 0.391 co3209 5.17 1. 18
1.170 0.303 2822983 8.98 1. 27 
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Table 2. Stream Characteristics along the Major Tributaries 
(Continued) 
Station 
Longitudinal 
distance 
(ft) 
1984 
longitudinal 
slope 
(ftlmi) 
Right 
bank 
slope 
(ftlft ) 
Left 
bank 
slope 
(ftlft) 
Radius of 
curvature 
+left 
-r ight (ft) 
Channel 
sinuosity 
23 2305 10.03 
1.000 0.358 co 
1. 23 
24 2169 11 .09 
1.330 0.374 co 
1 .42 
25 2712 11.09 
0.506 0.415 co 
1.07 
26 2215 15.84 
0.364 0.909 491 
1.10 
27 2893 14.26 
0.308 0.245 
-222 
1.10 
28 0.261 0.139 co 
Average 6.38 
EAST FORK SILVER CREEK 
0.374 0.875 
-231309 814 18.16 1 .01 
0.569 0.585 41629 5966 10.56 
0.732 0.682 co30 2983 13.73 1. 30 
0.118 0.742 
-22331 1808 6.34 1 .04 
0.880 1.120 co32 1989 11.09 1 .14 
0.250 1.130 co33 4068 7.39 1.24 
1.150 1.200 129234 3616 14.26 1. 18 
1 .210 0.396 co35 1537 10.03 1.12 
0.316 0.781 49236 5559 16.90 1 .22 
0.452 0.614 co37 1582 29.57 1.05 
0.267 0.833 co38 
Average 12.59 
UNNAMED TRIBUTARY 
0.241 0.750 co07 752 23.87 1 .02 
0.624 0.571 11039 4294 13.73 1. 38 
21 
1.51 
1
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Table 2. Stream Characteristics along the Major Tributaries(Concluded) 
1984 Right LeftLongitudinal Radius oflongitudinal bank bankdistance curvatureslope slope slopeStation +leftCft) (ftlmi) Cft/ft ) ChanmCftlft) 
-right (ft ) sinuosi 
40 0.193 0.5741627 -2997.92 
41 1.890.555 0.1144068 16715.84 
42 1..481.500 0.2081220 -59810.56 
43 1. 040.768 0.667814 13.73 a> 
44 1. 010.611 0.672 a>3164 17.42 
45 1. 210.504 0.5513164 14.78 a> 
46 1.220.371 1.1701853 14.78 a> 
47 1.060.636 0.7673480 -7523.76 
48 1.210.095 0.1412757 10.56 a> 
49 1. 080.207 0.184 a>
Average 
 15.36 
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slopes, stream lengths, and drainage areas were measured for the streams in 
the watershed. An average value was calculated for each parameter and stream 
order. These values were then correlated with the stream order through 
regression analysis. As a result of the regression analyses equations 1 
through 4 become: 
(37) 
-1.33 + O.84·u <38 ) 
1n(Su) = 5.00 - 0.93·u <39 ) 
In(Adu) = -2.00 + 1.52·u (40) 
Figure 4 shows the average values for these parameters, as well as the best 
fit line as determined by equations 37 through 40. 
As seen in figure 4, the slope and number of streams are inversely 
related to the stream order, while the drainage area and length are directly 
related to the stream order. The direct relationship of the drainage area 
suggests that as the stream order increases so will the drainage area. The 
measured drainage areas, along with other stream morphologic factors, are 
presented in table 3. The drainage area relationship results from the fact 
that the drainage area of a second-order stream is comprised of the sum of 
two first-order streams and must therefore be larger. 
A direct relationship also exists between stream order and stream 
length. Though the total combined length of the lower-order streams is 
greater than that of the higher-order streams, their average length is less 
than the higher order streams as may be seen in table 3. This is due to the 
higher frequency of the lower-order streams. A high-order stream must be of 
a greater length than a low-order stream to meet a stream of the same order. 
High-order streams are found less frequently than lower-order streams. 
This is an inverse relationship as seeri in table 3. The higher the stream 
order, the fewer streams there are. This is because one high-order stream 
is formed by two lower-order streams, thereby creating a numerical bias 
towards the lower-order streams. 
Another inverse relationship is that of stream slope. A lower-order 
stream tends to be steeper than a higher-order stream, as seen in table 3. 
Stream profiles tend to be concave upward so that the slope decreases in the 
downstream direction as seen in figure 3. 
When the coefficients given in equations 37 through 40 are used, the 
bifurcation ratio, stream length ratio, stream concavity, and drainage area 
ratio become 4.38, 0.43. 2.53. and 0.22, respectively. These numbers 
compare quite favorably with those presented by Yang (1971a) for streams both 
in Illinois and across the United States, as do the stream fall ratio, 
frequency ratio. and index of frequency ratio. These respective values are 
1.10. 19.98 and 23.34. These values indicate the high degree to which the 
stream system conforms to the Horton-Strahler laws. 
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Table 3. Stream Morphologic Factors for the Highland Silver Lake Watershed 
Average Average Average 
Stream Number of lengths slope area 
streams (miles) (ft/mile) (sq mi)order 
70 .824 50.24 .464 
2 15 1 .343 23.02 4.126 
2 4.735 15.05 14.0583 
4* 1 8.788 2.62 48.384 
*This is an incomplete stream order since the lower end of the fourth-order 
stream does not lie in the watershed. 
The watershed shape factor, a. was computed at 0.86 from equation 9 
where a value of 1.0 is a square. Using equation 13 and solving for the 
exponent, a value of 0.7 is obtained. A value of 0.6 was obtained for larger 
rivers (Linsley et al., 1975). The higher exponent suggests an elongated. 
basin. Above the lake. the exponent has a value of 0.6. The drainage 
density (the length of streams per unit area) was computed as 1.99 miles per 
square mile, which reflects a poorly drained watershed with slow hydrologic 
response (Linsley et al., 1975). The low drainage denSity is caused by soil 
which is permeable in an area where relief is small and there is an abundance 
of vegetal cover. 
A theoretical longitudinal streambed profile not only represents the 
general characteristics of the stream system but also provides a way of 
revealing the maturity of the system, the local geological constraints on the 
stream, and possibly the historical changes in stream morphology (Yang, 
1971a). The derived profiles should be valid since the stream system is well 
represented by equations 2 and 3. 
The theoretical and equilibrium profiles were computed from equations 14 
through 16 and were plotted along with the measured profile. They are shown 
in figure 5. Since the stream fall ratio is greater than unity (1.096), the 
equilibrium profile has a lower elevation than the theoretical profile. If 
the stream system was in equilibrium the stream fall ratio would equal unity. 
Equations 14 and 16 describe the total fall measured from the beginning 
of the first-order stream to the end of the mth-order stream. The parameters 
in equations 14 and 15 were obtained from the actual stream system, so the 
longitudinal streambed profile is considered the representative profile for 
that stream system. If a stream system has reached a dynamic equilibrium 
condition, an equal average fall as stated in equation 10 should exist for 
each stream order. This is the dynamiC equilibrium profile given by equation 
16. The actual.profile will correspond from the beginning of the first-order 
stream to the end of the mth-order stream. The main stem is used since it, 
like equations 14 through 16. represents the entire watershed system. 
The difference between the dynamic equilibrium profile obtained from 

equations 15 and 16, the observed longitudinal streambed profile. and the 
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theoretical profile obtained by equations 14 and 15 is the measure of the 
maturity of the river basin. The localized deviation of the measured profile 
from the theoretical profile calculated by equations 14 and 15 shows the 
presence of either a local geological constraint or a past geological event 
(Yang, 1971a). The deviation between the measured profile and the 
theoretical profile at the extreme downstream end is due to the stream not 
being a complete 4th-order stream. 
The theoretical profile lies above the equilibrium profile, showing that 
the stream system is not mature and will probably erode in the future. Since 
the measured profile deviates from the theoretical profile, a local 
geological constraint must be present. Indeed, at streamgaging station 2 (at 
about 20,000 feet on figure 5) a rock outcrop eXists, which prevents any 
erosion upstream. A downstream control is Highland Silver Lake, which has a 
normal pool elevation of 500 feet msl. Because the lake results in 
deposition and also prevents any erosion, the measured profile will not reach 
the theoretical profile. 
Hydraulic Geometry 
Hydraulic geometry describes the character of streams within a 
watershed. These relations apply to alluvial channels where the cross 
section is readily adapted to flow which occurs (Linsley et al., 1975). 
To describe the hydraulic geometry of the streams the following data 
were required: width, cross-sectional area, mean velocity, and discharge. 
These data were available for the streamgaging stations. For locations of 
the gaging stations refer to figure 1. The drainage areas for gaging 
stations S1, S2, and S3 are 31.12, 20.44, and 4.74 square miles, 
respectively. Each station had a 2.5-year record of runoff. 
Velocity, hydraulic depth, and width were plotted against discharge. 
These results are presented in figures 6 through 8, respectively. From these 
plots the coefficients from equations 16 through 18 were determined. The 
exponents of discharge (b, f, and m), which represent slope of the line, are 
presented in table 4 along with others for comparison. The relationships 
given by equations 21 and 22, which test the validity of the data, proved the 
principle of continuity. 
Table 4. Summary of Hydraulic Geometry Coefficients 
Location b f m
-
a
-
c k 
S1 • 17 .46 .36 17.00 .24 .24 
S2 .27 .44 .29 10.52 .22 .43 
S3 .06 .65 .29 19.05 • 11 .46 
Average of Midwestern states* .26 .40 .34 
Average of 158 U.S. gaging stations* ~ 12 .45 .43 
*Linsley et al., 1975 
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It has been suggested that a regional conformity in the exponents might 
indicate some degree of universality of the values (Linsley et al., 1975). 
However, the exponents depend on the geometry, geotechnical parameters of the 
stream channel, and flow characteristics, and are bound to vary between 
stream systems (Graf, 1971). There are definite differences in the values of 
the coefficients obtained from the Highland Silver Lake watershed. These 
differences are because the data presented in this report are from a small 
system that varies extensively from north to south. The northern end is flat 
while the southern end is relatively steep. The types of soils also vary 
significantly. 
The values of b vary widely from 0.06 to 0.27. It has been postulated 
that humid areas have lower values of b (Graf, 1971). A lower value of b 
indicates that with an increase in the discharge, the change in width is not 
significant. This suggests a channel that is incised. At GS2 the value of b 
is 0.27. A rock outcrop just downstream of this site prevents any 
downcutting, so any increase in cross-sectional area of the stream at this 
location must result in the width becoming larger. 
There is also a variation in the depth coefficient, f. The values of f 
at S1 and S2 are quite similar to each other as well as to the others 
presented in table 4 (Linsley et al., 1975). The higher value of f at S3 
probably stems from the fact that it is an upland stream with variable flow 
and steep banks, which results in a large variation in depths. 
There is general agreement in the values of m between the stations and 
an average of Midwestern streams, as shown in table 4. Analysis of hydraulic 
geometry relationships between various stations, other than the given cross 
section, could not be done due to the limited scope of the field data. 
Streambank Erosion and Streambed Scour 
The rates at which erosion and deposition occur in a stream channel vary 
spatially and temporally. This discussion describes the erosion and 
deposition processes that occurred within the stream system. 
The results from the data collected in the 3-year period between the 
baseline and final stream cross section survey are presented in table 5. The 
positive values indicate erosion, while negative values signify deposition. 
In this table data are presented for individual reaches of the tributaries 
and for reaches grouped into 1) main stem, 2) East Fork, and 3) unnamed 
tributary. As presented in figure 1 the main stem includes cross sections 
through 28. The East Fork starts at the confluence with the main stem and 
continues from cross section 29 to cross section 38. The unnamed tributary 
begins at the confluence with the main stem and runs from cross section 39 to 
cross section 49. Subtotals for each of the three streams are presented as 
well as a total for the entire surveyed stream system. 
In addition to the total volume and weight of material eroded between 
cross sections, table 5 includes the volume and weight per foot of channel 
length. This was done to allow direct comparison between individual cross 
sections and streams. 
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Table 5. Deposition and Erosion in the Main Stem, 
East Fork, and Unnamed Tributary 
MAIN STEM 
Between station Volume Weight 
to station cu ft cu ftllf* tons tons/lf* 
1 to 2 3441 .1 3.81 161 .0 0.18 
2 to 3 -6370.7 -6.13 -298.2 -0.29 
3 to 4 66900.5 37.00 3130.9 1 .73 
4 to 5 36038.2 39.87 1686.6 1.87 
5 to 6 8630.0 7.07 403.9 0.33 
6 to 7 82589.2 45.68 3865.2 2.14 
7 to 8 56071.5 16.76 2624.1 0.78 
8 to 9 61728.2 16.46 2888.9 0.77 
9 to 10 331640.6 46.15 15520.8 2.1 6 
10 to 1 1 40615.8 11.23 1900.8 0.53 
11 to 12 23043.2 6.89 1078.4 0.32 
12 to 13 50516.3 15.97 2364.2 0.75 
13 to 14 45795.2 14.68 2143.2 0.69 
14 to 15 29407.4 40.67 1376.3 1.90 
15 to 16 139746.5 40.15 6540. 1 1.88 
16 to 17 89531.5 41.27 4190.1 1.93 
17 to 18 119409.4 46.51 5571 .5 2.18 
18 to 19 30861 .7 13.93 1444.3 0.65 
19 to 20 40067.3 12.49 1875.2 0.58 
20 to 21 19872.8 9.16 930.0 0.43 
21 to 22 50238.3 15.66 2351.2 0.73 
22 to 23 33207.1 11. 13 1544.1 0.52 
23 to 24 -6740.6 -2.92 -315.5 -0.14 
24 to 25 901.0 0.42 42.2 0.02 
25 to 26 23318.8 8.60 1091 .3 0.40 
26 to 27 16002.6 7.23 748.9 0.34 
27 to 28 1605.8 0.56 75.1 0.03 
Total 1387708.5 19.76 64944.8 0.92 
EAST FORK 
Between station Volume Weight 
to station cu ft cu ftllf* tons tons/lf* 
09 to 29 -870.3 -1. 07 -40.7 -0.05 
29 to 30 25371.6 4.25 1187.4 0.20 
30 to 31 88500.2 29.67 4141 .8 1. 39 
31 to 32 61742.8 34.15 2889.6 1.60 
32 to 33 -1028.7 -0.52 -48.1 -0.02 
33 to 34 35497.2 8.73 1661 .3 0.41 
34 to 35 65374.4 18.08 3059.5 0.85 
35 to 36 10935.7 7.12 511.8 0.33 
36 to 37 41683.3 7.50 1950.8 0.35 
37 to 38 6484.3 4.10 303.5 0.19 
Total 333690.5 11. 15 15616.7 0.52 
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Table 5. (Concluded) 

UNNAMED TRIBUTARY 

Between station 
to station cu 
Volume 
ft cu ftllf* 
Weight 
tons tons/lf* 
07 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
5959.2 
36861 .0 
425.0 
24394.4 
15297.0 
2894.2 
-23881.9 
-19813.4 
2071.3 
-9080.7 
-4065.9 
7.93 
8.58 
0.26 
6.00 
12.54 
3.56 
-7.55 
-6.26 
1. 12 
-2.61 
-1.47 
278.9 
1725.1 
19.9 
1141.7 
715.9 
135.4 
-1117.7 
-927.3 
96.9 
-425.0 
-190.3 
0.37 
0.40 
0.01 
0.28 
0.59 
0.17 
-0.35 
-0.29 
0.05 
-0.12 
-0.07 
Total 31060.2 1 .1 4 1453.6 0.05 
*************** 
Total Change 1752459.2 13.76 82015.1 0.64 
*Tons per linear foot of channel 
Note: a positive value indicates erosion; 
indicates depositiona negative value 
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The stream cross section survey indicates a net erosion of approximately 
1,752,000 cubic feet (cu ft) over the study period or 584,000 cu ft per year. 
The volume of this erosion was 13.76 cubic feet per linear foot of channel 
(cu ft/lf) or 4.6 cu ft/lf per year. The weight of the material eroded in 
three years was'82,000 tons or 0.64 tons per foot of channel (tons/lf). On 
an annual basis the erosion amounted to 27,300 tons or 0.21 tons/lf. 
The stream length bounded by the cross-sectional survey represents 42 
percent of the total stream length in the watershed. These streams also 
represent 77 percent of the entire watershed. The total erosion in the 
stream channel amounts to 1.13 tons per acre per year. The annual suspended 
sediment load at streamgaging station 1 was 0.76 tons per acre (Makowski, 
1985). The sedimentation survey of Highland Silver Lake found that 0.90 tons 
per acre per year of sediment was deposited in the lake during the period of 
study. Suspended sediment in this watershed is usually comprised of silt and 
clay, and although those materials are transported during events, the stream 
system also constantly stores and slowly moves the coarse sediments found in 
the streambed and streambank. 
The main stem displayed the greatest amount of erosion per unit length, 
followed by East Fork and then the unnamed tributary (19.76, 11.15, and 1.14 
cu ft/lf, respectively). In the lower reaches of the stream systems, where 
the banks are steep, bank erosion was more severe than in the upper reaches 
where the bank slopes are less steep. In the lower reaches of the streams, 
the banks appeared to slump to the lower areas of the cross section, as may 
be seen in figure A4 of Appendix A. 
Changes in cross-sectional shape are caused by stream dynamics as the 
stream adjusts in the horizontal and vertical directions to changes in the 
system. Although the overall longitudinal profile is concave up, there are 
undulating deep and shallow reaches known as riffles and pools. According to 
Yang (1971a), as a stream system evolves toward its equilibrium condition, 
the course of the stream will be such as to minimize the rate of expenditure 
of potential energy. Some factors within a reach of stream which affect the 
longitudinal and cross-sectional slope are: longitudinal elevation 
difference, velocity, discharge, valley slope, sediment concentration, and 
geological constraints which consist of erodibility of soil, grain roughness, 
and stream width (Yang, 1971c). Each section is dependent on adjacent cross 
sections. 
Appendix 8 presents the 1981 and 1984 stream cross sections. All views 
are facing upstream and the vertical scales are exaggerated. The majority of 
the cross sections show little change in the three years between the surveys. 
The mean change of areas as indicated by the survey was 5.51 percent with 
a standard deviation of 5.66 percent. Therefore, 68 percent of the changes in 
cross-sectional areas were between 0 and 11.17 percent. The least change in 
cross-sectional area was 0.10 percent at cross section 23, and the greatest 
change was 24.72 percent at cross section 17. 
Several cross sections were affected by human activities. An 
agricultural levee was constructed in the area of cross section 17 which 
involved removal of material within the stream cross section. This cross 
section recorded the largest loss of material. Vegetation was cleared along 
the banks, and the area was leveled for agriculture in the vicinity of cross 
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sections 15, 23, 24, 37, and 38, which had an effect on the change of the 
cross-sectional area. 
Streambed Material 
Streambed material samples were collected at nine locations on the 
Highland Silver Lake watershed on five dates over a period of 30 months from 
October 1982 through April 1985. Due to the small number of samples, 
statistical analyses over time would not be significant, although they are 
useful for descriptive discussion. However, spatial analyses were done in 
addition to the quantification of the bed material sizes which represent the 
bed and bank material. 
Particle Size 
The results of the laboratory analysis indicate that a wide range of 
particle sizes of streambed material are found on the Highland Silver Lake 
watershed. The materials represented by the mean particle size range from 
fine gravel to fine silt, with the greatest frequency of material in the very 
fine gravel and very coarse s~nd classes. The largest and smallest mean 
particle diameters were recorded at s86 and S89, respectively, for both a 
single event and an average of the events. The greatest change over time in 
the mean particle size .occurred at S88, while the smallest change took place 
at S89. 
The greatest sorting, as indicated by the standard deviation, was 
observed at S89, while the material at S83 was the least sorted. The 
greatest degree of variability in sorting between events was found to occur 
at SB9, while the least was at SB7. At SB6 the material varied from being 
strongly skewed to the coarse to strongly skewed to the fine. The least 
amount of variation in skew was found at S84. 
Great variability in streambed material particle size distribution was 
observed. The results of the statistical analysis of streambed material are 
presented in table 6. The results of the laboratory analyses, presented as 
cumulative semilogarithmic size frequency graphs, may be found in Appendix C. 
Variation with Peak Discharge 
Streambed material particle size can vary within a cross section as well 
as between cross sections. In addition to spatial variations, particle sizes 
can vary temporally. Causes of the variations are a combination of 
variations in flow variables, stream geometry, streambed and streambank 
material, and sediment transport. 
It was found that in the Highland Silver Lake watershed roughly 90 
percent of the suspended sediment is transported during storm events 
(Makowski, 1985). Streambed material was collected immediately after events 
so as to reflect the elevated transport that occurs during events. A 
relationship between particle size characteristics and peak discharge might 
be expected, although the sample size is too small to be statistically 
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Table 6. Statistical Summary of Highland Silver Lake 
Streambed Material Samples 
Date SBl SB2 SB3 SB4 SB5 SB6 SB7 SB8 SB9 
October 9, 1982, runoff event 
Size class VF gravel VF gravel VC sand M sand M sand VF gravel C sand VF gravel F silt 
Median 5.0 1 . 1 2.0 0.5 0.4 4.0 0.59 2.1 0.017 
Mean 2.42 2.92 1.79 0.45 0.59 2.72 0.74 3.69 0.009 
St. Dev. 5.77 8.57 4.97 11 .29 2.37 6.63 3.23 10.85 4.47 
Range 13.54 24.68 8.54 5.04 1.15 17 .62 2.16 39.70 0.038 
Upper Limit 13.96 25.02 8.90 5.08 1.40 18.03 2.39 40.04 0.04 
Lower Limit 0.42 0.34 0.36 0.04 0.25 0.41 0.23 0.34 0.002 
Skew -0.414 0.454 -0.069 -0.043 0.450 -0.204 0.193 0.236 -0.425 
Peak Q 1363 750 536 310 840 760 640 610 525 
w Date SBl SB2 SB3 SB4 SB5 SB6 SB7 SB8 SB9 
December 3, 1982~unoff event 
Size class VF gravel VF gravel VC sand M sand M sand VF gravel C sand VF gravel F silt 
'-.J 
Median N.C. 1 .5 2.6 1.5 0.67 8.1 1.3 2.0 0.023 
Mean N.C. 1 .45 2.45 0.86 1.21 4.02 1 .42 1.69 0.032 
St. Dev. N.C. 2.90 2.04 13 .91 2.96 4.97 4.44 4.21 8.06 
Range N.C. 3.71 3.80 11.90 3.17 19.17 5.98 6.71 0.256 
Upper Limit N.C. 4.21 5.00 11 .96 3.58 19.98 6.30 7. 11 0.26 
Lower Limit N.C. 0.50 1 .20 0.06 0.41 0.81 0.32 0.40 0.004 
Skew N.C. -0.032 0.119 -0.211 0.545 -0.437 0.059 -0.117 0.158 
Peak Q N.C. 1274 598 395 953 1000 800 750 615 
Date 
December 24. 
Size class 
SBl SB2 
198~runoff event 
VF ~ravel VF ~ravel 
Table 6. (Concluded) 
SB3 SB4 SB5 
VC sand M sand Msand VF ~ravel C sand VF 
SB8 
sravel 
SB9 
F silt 
w 
00 
Median 
Mean 
st. Dev. 
Range 
Upper Limit 
Lower Limit 
Skew 
Peak Q 
Date 
April 13. 1983. 
Si VF 
Median 
Mean 
St. Dev. 
Range 
Upper Limit 
Lower Limit 
Skew 
Peak Q 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
SB1 
runoff 
gravel 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
2.6 
2.24 
9.35 
20.70 
20.94 
0.24 
0.037 
1453 
SB2 
event 
VF gravel 
1.6 
2.65 
4.91 
12.47 
13.01 
0.54 
0.317 
1537 
0.49 
0.87 
4.36 
2.85 
3.05 
0.20 
0.390 
798 
SB3 
VC sand 
0.3 
0.21 
8.90 
1.85 
1 .87 
0.02 
-0. 163 
1146 
2.4 2.0 
2.09 1.70 
4.74 4.24 
9.46 6.81 
9.91 7.21 
0.44 0.40 
-0.089 -0.113 
633 1034 
SB4 
M sand M sand 
0.36 3.4 
0.29 3.26 
16.98 8.58 
4.90 27.59 
4.92 27.97 
0.02 0.38 
-0.076 -0.020 
880 1590 
0.71 
2.02 
4.94 
9.57 
9.98 
0.41 
0.655 
1240 
SB6 
VF gravel 
4.0 
3.21 
7.47 
23.55 
23.98 
0.43 
-0.109 
1480 
0.6 
0.90 
3.00 
2.40 
2.70 
0.30 
0.369 
1120 
SB7 
C sand 
1.5 
1 .50 
3.94 
5.53 
5.91 
0.38 
0 
1310 
0.49 
0.78 
2.69 
1.81 
2.10 
0.29 
0.470 
965 
SB8 
VF gravel 
1 .5 
1.51 
2.79 
3.67 
4.21 
0.54 
0.006 
1260 
0.035 
0.05 
5.98 
0.292 
0.30· 
0.008 
0.199 
815 
SB9 
F silt 
0.09 
0.14 
15.63 
2.18 
2. 19 
0.01 
0.161 
1130 
Date 
April 21, 1984, 
Size class VF 
SB 
runoff 
~ravel 
SB2 
event 
VF 8ravel 
SB3 
VC sand 
SB4 
M sand 
SB5 
M sand VF 
SB6 
8ravel 
SB7 
C sand VF 
SB8 
8ravel 
SB9 
F silt 
Median 0.92 N.C. 3.7 0.54 2.0 N.C. 
Mean 1.48 N.C. 2.51 0.67 1.88 N.C. 
St. Dev. 3.79 N.C. 3.59 8.37 5.86 N.C. 
Range 5.22 N.C. 8.42 5.53 10.70 N.C. 
Upper Limit 5.61 N.C. 9.12 5.61 11 .02 N.C. 
Lower Limit 0.39 N.C. 0.70 0.08 0.32 N.C. 
Skew 0.357 N.C. -0.294 0.102 -0.035 N.C. 
Peak Q 1946 N.C. 514 362 953 N.C. 
All values are in millimeters except peak Q which has uni ts of cubic 
2.4 3.5 
1.82 2.48 
4.44 5.64 
7.67 13 .55 
8.08 13.99 
0.41 0.44 
-0.186 -0. 199 
705 660 
feet per second 
0.033 
0.040 
17.96 
0.718 
0.72 
0.002 
0.067 
525 
N.C. = not collected; VF very fine; F = fine; M = medium; C = coarse; VC very coarse 
1 
meaningful. The relationship between particle size/standard deviation and 
peak discharge was investigated. 
Though the mean particle sizes exhibited variations within a cross 
section over time except for S3, S85, and S88, the particle sizes do not 
change to any degree with peak flow. At all sites, excluding S85, S87, and 
S89, the mean particle sizes decrease with increasing flow. Only S85 and SS9 
show a high degree of correlation between peak flows and mean particle size. 
As discharge increases the energy slope increases, resulting in 
increases of the velocity within the cross section. These larger velocities 
should develop higher shear stresses, with larger particles moved, which is 
the opposite of what some of the data suggest. The trend of most of the data 
is minor. Other studies also suggest that particle size increases with 
increasing flow (Vanoni, 1977; Lee et al., 1983). There might be several 
reasons for this contradiction. 
The most obvious possible cause of the contradiction is sampling error. 
However, consistent methods such as those used in this study should minimize 
error. Another cause might be the time of sampling. If the time of sampling 
was too long after the peak flows, the material could be sorted by the lower 
flows. However, in this study the time between time of peak flow to time of 
collection was minimal. Also, samples were collected within a short time of 
each other to minimize temporal differences between the samples. The 
contradictions were not caused by drainage area since no consistent pattern 
between adjacent stations or drainage area was found. Finally, the 
differences between observed and expected results might be due to the 
presence of pools and riffles. 
Most natural streams go through riffle and pool sequences which are 
undulating shallow and deep reaches, respectively. Riffles and pools are 
usually separated by lengths of about 5 to 7 times the widths when the stream 
is in bankfull discharge (Keller and Melhorn, 1978; Leopold et al., 1964). 
8howmik and Demissie (1982) suggested that in pools as discharge increases 
the bed material size increases, but in riffles as discharge increases the 
bed material size decreases. This concept stems from the fact that at low 
discharges the cross-sectional area of a pool is larger than that of a 
riffle, so the velocity is low enough that the fine sediment is deposited in 
the pool. In a riffle the velocity can move the fine particles but leaves 
the large particles. At higher flows the differences in cross-sectional 
areas between pools and riffles become less so the material in a pool becomes 
coarser while the material at a riffle becomes finer. Therefore, the 
differences in particle size distributions between pools and riffles become 
less at higher flows. 
The survey done for this project was not precise enough to discern pool 
and riffle sequences, and only three of the nine cross section sites 
suggested the presence of a pool and riffle sequence. Only one of these 
three sections showed any correlation between the mean particle size and the 
peak discharge. 
The results of an analysis of standard deviation and peak discharge are 
also inconclusive since none of the sites show any correlation between the 
two variables. Excluding S2, SB7, and S88, as the peak flow increases the 
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central 68 percent of the distribution contains a larger distribution of 
sizes. Except for S3, S85, and S88, the standard deviation does not change 
appreciably. The sites S3, S85, and S88 are also the sites where the mean 
particle size exhibited a noticeable change. 
Variation along the Longitudinal Profile 
The overall longitudinal profile of a stream is concave up though there 
may be local undulations in the profile called riffles and pools. Similarly, 
it has been observed that in the downstream direction, from its source to the 
mouth, there is an overall reduction in the size of streambed material 
(Sternberg, 1875). 
Simons and Senturk (1977) proposed relating the reduction in channel 
slope to the reduction of the particle size. The particle size reduction 
coefficient, a. and the slope reduction coefficient, O. were related by 
equation 41. 
n= alo (41) 
It was proposed that 
0.79 < n <1 .10 (42) 
Data from this study were analyzed to determine whether or not they conform 
to the variation given in equation 42. 
The slopes for the seven streambed material sampling sites along the 
main stem are presented in figure 9. The stream thalweg slope was used to 
approximate the energy slope and this usage appears to be reasonable. There 
appears to be an overall reduction in slope from an upstream to a downstream 
direction. 
Figure 10 presents the mean particle sizes for the seven streambed 
material sampling sites along the main stem for the five dates of sampling. 
This figure shows the change of mean particle size over time and distance. 
The site of the smallest bed material size was S89, which is the site 
farthest upstream. 
The streambed material sampling locations were selected to be 
representative of the adjacent reaches of stream. The upstream end of the 
main stem transports fine material, because there is little coarse material 
available. However, between SB9 and S88 coarse material enters the main stem 
system, so much coarser material is present at S88 than at S89, the upstream 
site. Between the two sites there is no direct correlation between particle 
size and drainage area, peak discharge, slope, or velocity. Another 
independent variable to be considered in addition to the variables just 
mentioned is the type of material available to potentially become the bed 
material. The material can come from the streambed, streambank, or adjacent 
watershed. 
Table 7 gives the results of the computations of a, 0, and n for the 
main stem. The slope coefficient changes from event to event since the 
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• Table 7. Values of a , 0, and n for the Highland Silver Lake Watershed 
• 
Range of Particle Slope 
particle reduction Range of variation 
Reach sizes coeffic ient, a slopes coefficient, c n 
Date (mi)· (mm) (mlle-1) (mile-1) (mile- 1) ( a/ 0) 
10-15-82 8.54 .009-3.69 .618 .00039-.00256 .392 1.58 
12-17-82 6.94 .032-4.02 .107 .00098-.00256 .026 4.12 
01-10-83 6.94 .05-2.24 -.250 .00098-.00256 .026 -9.62 
04-22-83 6.94 .14-3.26 -.182 .00098-.00256 .026 -7.00 
04-21-84 8.54 .040-2.48 -.045 .00039-.00250 .533 -0.084 
number of sampling sites visited sometimes varied. The particle size 
coefficient varied from an overall reduction in particle size to an overall 
increase in particle size in the downstream direction. The resulting 
relationship of n varies since it is proportional to a. None of the values 
of n computed for the main stem fall in the range given in equation 41. 
1 
SUMMARY 
This report presents the analyses of the stream geometry and streambed 
material in connection with a long-term study to assess the nonpoint source 
pollution on the Highland Silver Lake watershed. The objectives of this 
portion of the study were: 1) to evaluate the hydraulic geometry system of 
Highland Silver Lake in addition to the stream and watershed characteristics, 
2) to quantify the amount of sediment deposited on or eroded from the 
streambeds and streambanks of the major tributaries, and 3) to assess the 
changes in the bed material. 
In assessing the stream characteristics it was found that the average 
slopes for the main stem, East Fork, and the unnamed tributary were 6.4, 
12.6, and 15.4 feet per mile, respectively. The stream system has low to 
moderate sinuosity and does not meander. The longitudinal profile was 
concave up; that is, the slope is steepest at the upstream end and decreases 
in the downstream direction. 
The stream system conforms to the Horton-Strahler equations of stream 
numbers, stream length, stream slope. and drainage area. In addition, the 
values obtained for the Highland Silver Lake watershed stream system agree 
closely with previous results. Conformity to the Horton-Strahler equations 
was necessary for further analysis since the equations pertinent to the 
analysis were derived, in part, from the Horton-Strahler equations. The 
theoretical and equilibrium profiles were calculated on the basis of results 
for the Horton-Strahler equations. The measured profile was above the 
theoretical profile, suggesting a geological constraint. This geological 
constraint is a rock outcrop upstream of the confluence of East Fork Silver 
Creek with Little Silver Creek, which limits the erosion that can occur in 
the stream system. The lake at the downstream end of the watershed presently 
limits the amount of erosion that can occur below the rock outcrop. The 
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theoretical profile is above the equilibrium profile, which indicates that 
the stream system is not yet mature and should experience erosion in the 
future. 
The results of the hydraulic geometry study were in agreement with the 
results from other studies. This study found that geomorphically local base 
level control, in the form of a rock outcrop, caused adjustments in the 
stream system. These adjustments occurred in the form of erosion of the 
streambanks due to the stream's inability to erode the channel bottom due to 
the rock outcrop. The stream obtained additional cross-sectional area by 
eroding its banks. 
The stream cross-sectional survey indicates a net erosion of 
approximately 1,752,000 cubic feet of materials between 1981 and 1984, or 
584,000 cubic feet per year. The volume of eroded sediment amounted to 13.76 
cubic feet per linear foot of channel or 4.6 cubic feet per linear foot per 
year. The weight of this material eroded In three years was 82,000 tons or 
0.64 tons per linear foot of channel. On an annual basis the erosion 
amounted to 27,300 tons or 0.21 tons per linear foot. This erosion in the 
stream channel amounted to 1.13 tons per acre per year of the watershed 
represented by the stream channel cross-sectional survey. 
Results of the streambed material study showed a wide range of mean 
particle sizes ranging from fine gravel to fine silt, with fine gravel to 
very coarse sand found with the greatest frequency. There was little 
correlation between peak flows and mean particle size. Possible reasons are 
errors in sampling, time of sampling, and location. It was found that in the 
main stem the type of material found in a cross section was derived from the 
streambed and streambank at or adjacent to that site rather than the location 
within the longitudinal profile. 
Attempts to correlate mean particle size with the longitudinal profile 
of the main stem were not successful. The main reason for the lack of 
correlation is that the analytical method employed was developed using data 
from large rivers, which were gathered at cross sections that were much 
farther apart than the cross sections on the main stem in this study. Large 
distances between cross sections would not reveal minor changes in the bed 
material. It was found that the main stem was greatly dependent on the 
parent material, whereas most large rivers obtain their bed material from an 
upstream source and not from the bed and bank at the surveyed cross section. 
Any contribution from the cross section is probably minor in a large river. 
However, in a small stream such as the main stem, the type of material 
derived from the cross section is more important than the location within the 
longitudinal profile. 
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Figure Al. East Fork Silver Creek. SB1, looking downstream 
Figure A2. Little Silver Creek. SB2, looking downstream 
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 Figure A3. Little Silver Creek. S85, looking upstream 
Figure A4. Little Silver Creek. S86, looking downstream 
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Figure A5. Little Silver Creek. S87, looking upstream 
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Figure A6. Little Silver Creek. S88, looking upstream 
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Figure A7. Little Silver Creek. SB9. looking upstream 
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